Prostaglandin (PG)E2 is a potent mediator of pain and inflammation, and high levels of this lipid mediator are observed in numerous disease states. The inhibition of PGE2 production to control pain and to treat diseases such as rheumatoid arthritis to date has depended on nonsteroidal antiinflammatory agents such as aspirin. However, these agents inhibit the synthesis of all prostanoids. To produce biologically active PGE2, PGE synthases catalyze the isomerization of PGH2 into PGE2. Recently, several PGE synthases have been identified and cloned, but their role in inflammation is not clear. To study the physiological role of the individual PGE synthases, we have generated by targeted homologous recombination a mouse line deficient in microsomal PGE synthase 1 (mPGES1) on the inbred DBA͞1lacJ background. mPGES1-deficient (mPGES1 ؊/؊ ) mice are viable and fertile and develop normally compared with wild-type controls. However, mPGES1 ؊/؊ mice displayed a marked reduction in inflammatory responses compared with mPGES1 ؉/؉ mice in multiple assays. Here, we identify mPGES1 as the PGE synthase that contributes to the pathogenesis of collagen-induced arthritis, a disease model of human rheumatoid arthritis. We also show that mPGES1 is responsible for the production of PGE 2 that mediates acute pain during an inflammatory response. These findings suggest that mPGES1 provides a target for the treatment of inflammatory diseases and pain associated with inflammatory states.
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arthritis ͉ inflammation ͉ macrophage ͉ knockout ͉ PGE2 A spirin and related drugs block the production of all prostaglandins (PGs), and the beneficial effects of these agents in pain and inflammation have provided powerful evidence that the PG pathways are involved in these processes. These drugs inhibit the conversion of arachidonic acid to the unstable intermediate endoperoxide, PGH 2 . PGH 2 is the common substrate for a number of different synthases that produce a spectrum of lipid mediators including the major PGs, PGE 2 , PGD 2 , and PGF 2␣ , as well as thromboxane and prostacyclin (PGI 2 ). Because direct delivery of PGE 2 into tissues can elicit inflammation and high levels of PGE 2 are observed in inflammatory lesions such as arthritic joints, it has been assumed that at least a portion of the beneficial action of aspirin-like drugs is due to their inhibition of PGE 2 production (1-3).
Recent studies suggest that the regulation of the production of PGE 2 from PGH 2 is complex, and several cytosolic and microsomal synthases capable of carrying out this conversion in vitro and in vivo have been identified. These enzymes are referred to as microsomal PGE synthase 1 (mPGES1), mPGES2, GSTM2-2, GSTM3-3, and cPGES͞p23 (4-9). cPGES͞p23 was recently described as constitutively expressed in many tissues with one notable exception in rat brain after lipopolysaccharide (LPS) treatment, where it is upregulated severalfold (8) . Two cytosolic glutathione transferases (GSTM2-2 and GSTM3-3) have been cloned from a human cDNA library and when expressed in Escherichia coli found to catalyze the isomerization of PGH 2 to PGE 2 (6) . The microsomal PGESs (mPGES) characterized to date are termed mPGES1 and mPGES2. mPGES2 was originally purified from bovine heart (10), subsequently cloned, and found to be ubiquitously expressed in diverse tissues (9) . mPGES1, likely constituting the PGES isolated from sheep and bovine vesicular gland (4, 5) , displays a high catalytic activity relative to other PGES isomerases, suggesting a pivotal role for mPGES1 in PGH 2 metabolism (7, 11) .
The importance of PGE 2 in inflammation dictates the necessity to understand the role of individual PGES in vivo. Expression analyses in vitro and in vivo suggest that mPGES1 serves as an inducible PGES after exposure to proinflammatory stimuli (7, (12) (13) (14) (15) (16) and in inflammatory diseases (13) (14) (15) . Furthermore, we have recently demonstrated in IL-1␤-treated human A549 cells, using antisense treatment targeted against mPGES1, a direct association between mPGES1 expression, its enzymatic activity, and total PGE 2 production after an inflammatory stimulus (17) . In mPGE1-deficient (mPGES1 Ϫ/Ϫ ) mice generated on a mixed genetic background, LPS-induced PGE 2 release is largely dependent on mPGES1 expression both in an isolated cell culture and in vivo (18) . This evidence indicates that mPGES1 might be responsible for the elevated PGE 2 during pathophysiological states. To test this hypothesis, we generated mice deficient in this enzyme on an inbred DBA͞1lacJ genetic background and evaluated the response of these animals against both acute and chronic inflammatory stimuli, including an experimental model of human rheumatoid arthritis.
Materials and Methods
Gene Targeting. A 335-bp partial cDNA fragment (base pairs 35-369; mPGES1 accession no. AB041997) was used to hybridize a DBA͞1lacJ genomic phage library (Stratagene) and isolate mPGES1 genomic clones. Three clones were restriction mapped and determined to contain 24 kb of the mPGES1 genomic locus, including all three exons. The targeting vector was constructed such that a neomycin-resistance gene would replace 3.0 kb of mPGES1 coding material after homologous recombination of the targeting vector with the endogenous locus. The 3.0-kb fragment that will be deleted in the knockout animal contains part of exon 1 and the entire exon 2 corresponding to base pairs 35-256 of the cDNA sequence. The targeting vector was linearized and electroporated into DBA͞252 embryonic stem (ES) cells derived from inbred DBA͞1lacJ animals (19) . Genomic DNA was isolated from neomycin-and ganciclovir-resistant ES cell lines and screened by Southern blotting for homologous recombination. Male chimeras were identified and backcrossed to DBA͞1lacJ females (The Jackson Laboratory) to generate germ-line heterozygous offpsring. 
Heterozygous mPGES1
ϩ/Ϫ males and females were crossed to generate homozygous mPGES1 Ϫ/Ϫ mice, and genotypes were identified by PCR and confirmed by Southern blot analysis. All animals used in our studies were on an inbred DBA͞1lacJ genetic background.
Microsomal PGES Activity and Western Blot Analysis. Peritoneal macrophages were isolated and cultured as described (2) . Microsomal protein fractions were prepared and tested for their ability to metabolize PGH 2 into PGE 2 after a 2-min incubation at 4°C in the presence of 2 mM glutathione (7, 17) . PGE 2 levels were measured after the reaction was stopped by the addition of an equal volume of 0.1 M HCl-acidified SnCl 2 (1 mg͞ml). For immunodetections, 20 g of microsomal protein samples were resolved by SDS͞PAGE and probed for mPGES1 or cyclooxygenase (COX)-2 as described (17) .
Macrophage Function. Cells were incubated with arachidonic acid (Biomol, Plymouth Meeting, PA) for 30 min or LPS (E. coli O111:B4) for 16 h. At the completion of each experiment, supernatants were isolated and stored at Ϫ80°C until assayed. IL-6 levels were measured by ELISA (R & D Systems). The lower limit of detection was 3.1 pg͞ml. Media controls for each condition reflected the highest possible amount of solvent used to prepare the corresponding stimulating agent (LPS:PBS; arachidonic acid:ethanol).
Induction and Assessment of Arthritis (Collagen-Induced Arthritis).
Native chicken type II collagen (Chondrex, Redmond, WA) was mixed with complete Freund's adjuvant and injected s.c. on days 0 and 20 at the base of the tail of 8-to 12-week-old mice (100 g of type II collagen in 100 l of emulsion) (20) . The degree of arthritis was determined without knowledge of genotype based on a visual score of 0-3 per paw and summed for all four paws (possible maximum score of 12 per animal) according to the following criteria: 0, no evidence of inflammation, 1, edema and erythema in paw and͞or one metatarsal phalange joint or one phalanx; 2, edema and erythema in paw and͞or two or more joints or phalanxes; and 3, pronounced edema and erythema in the entire paw. Scores were determined twice a week for the entire duration of the experiment. At the completion of each experiment, mice were killed by CO 2 inhalation and blood was collected via caudal vena cava puncture using a gentle vacuum. The serum fraction was isolated and stored at Ϫ20°C until assayed. Levels of type II collagen antibodies were determined by ELISA according to the manufacturers' protocols using a mouse IgG type II collagen primary antibody (Chondrex) and a horseradish peroxidase-coupled goat anti-mouse IgG2a secondary antibody (Southern Biotechnology Associates, Birmingham, AL). For the pharmacological characterization of piroxicam in collagen-induced arthritis (CIA), DBA͞1lacJ mice were immunized as described above and fed a rodent diet supplemented with piroxicam (0.7 mg͞kg per day, prepared at Pfizer) starting from day 20 until completion of the study.
Joint Histology. Stifle joints were collected, fixed in 10% neutral buffered formalin, decalcified, and embedded in paraffin, and 5-m sections were stained with hematoxylin͞eosin͞safranin O. Sections analyzed by light microscopy were scored without knowledge of genotype by using the modified Mankin method (21) to include cartilage structure, cellularity, proteoglycan staining, synovial inflammation, and hyperplasia according to the following criteria. Cartilage structure scores were: 0, normal; 1, surface irregularities; 2, pannus; 3, clefts to transitional zone; 4, clefts to tidemark; 5, clefts to subchondral bone; and 6, complete disorganization. Cellularity scores were: 0, normal; 1, diffuse hypercellularity; 2, cloning; and 3, hypocellularity (necrosis). Proteoglycan staining scores were: 0, normal; 1, slight reduction to tangential zone; 2, moderate reduction to tidemark; 3, severe reduction to subchondral bone in at least one area; and 4, no dye observed. Synovial inflammation and hyperplasia scores were: 0, normal; 1, mild inflammation with normal synovium or minimal hyperplasia; 2, moderate inflammation with mild villous hyperplasia; 3, moderate inflammation with moderate villous hyperplasia; and 4, marked inflammation with moderate to marked villous hyperplasia. Fibroplasia scores were: 0, normal; 1, minimal; 2, mild; 3, moderate; 4, marked; and 5, severe. Group comparisons for histopathology scores were performed by using the Mann-Whitney U test.
Delayed-Type Hypersensitivity. On day 0, mice were injected with the same type II collagen emulsion as described above for CIA. On day 17, 10 g (15 l) of type II collagen prepared in saline was injected into the right paw. The left paw from each animal was used as a control and received 15 l of saline in the same location as the contralateral paw. Twenty-four hours later (day 18), paw thickness was determined by volume displacement. After the volume measurements, both paws were removed, decalcified, paraffin embedded, and sectioned (5 m). Sections analyzed by light microscopy were scored without knowledge of genotype by grading the inflammatory cell infiltrate on a scale of 0-4 according to the following criteria: 0, absence of cell infiltrate; 1, minimal; 2, mild; 3, moderate; 4, marked. Group comparisons for histopathology scores were performed by using the Mann-Whitney U test.
Pain Perception Tests. In both pain perception tests, mice were acclimated to the procedure room for 24 h and acclimated to the apparatus 2 h before the start of the experiment. In the hot plate test, mice were placed on a hot plate (52, 55, or 58°C) and the latency for jumping was determined as described (22) . In the writhing test, mice were dosed orally with either vehicle [0.5% methylcellulose] or 10 mg͞kg piroxicam followed 1 h later by an i.p. injection of 0.7% acetic acid (16 l͞g of body weight), and stretch responses were monitored as described (3) . Exudates were collected at the end of the experiment and levels of PGE 2 and 6-keto-PGF 1␣ were determined.
Materials. Unless indicated otherwise, all reagents were obtained from Sigma-Aldrich. Prostanoids were measured by ELISA (Cayman Chemical, Ann Arbor, MI). The lower limit of detection was 15 pg͞ml for the PGE 2 and 6-keto-PGF 1␣ detection assays.
Statistical Analysis. Group comparisons were performed by using ANOVA with a Bonferroni posttest unless otherwise noted.
Results and Discussion
We generated mPGES1-null mice and evaluated their phenotypes in several models of acute and chronic inflammation. To facilitate this comparison, the mutation was introduced into ES cells derived from DBA͞1lacJ mice (Fig. 1a) . The mutation was maintained on this genetic background by mating chimeras with DBA͞1lacJ animals. Mice used in these studies, therefore, differ only in expression of mPGES1. mPGES1 Ϫ/Ϫ mice could not be distinguished from wild-type controls in their general behavior, appearance, body weight, tissue histology (including 39 different tissues), or hematological parameters. We confirmed the inactivation of mPGES1 in homozygous mutants by measuring mPGES1 protein expression by Western blot in LPS-treated macrophages isolated from wild-type and mPGES1 Ϫ/Ϫ mice and subsequently treated with LPS (Fig. 1b) . Similar levels of COX-2 proteins were detected in ϩ͞ϩ and Ϫ͞Ϫ microsomes, highlighting the specificity of our genetic manipulation (Fig. 1b) . The loss of functional mPGES1 protein in mPGES1 Ϫ/Ϫ animals was confirmed by the inability of microsomes prepared from LPS-treated macrophages to convert PGH 2 to PGE 2 above baseline levels (Fig. 1c) . These results support the use of our mPGES1-null mice in subsequent in vitro and in vivo studies.
We then determined the impact of this genetic deletion on the immediate and delayed cellular PGE 2 release after treatment of macrophages with either arachidonic acid for 30 min or LPS for 16 h. These data are consistent with an important function for mPGES1 in PGE 2 formation in response to induction by an inflammatory stimulus. After the incubation with 10 Ϫ4 M or 10
Ϫ5
M arachidonic acid, wild-type macrophages secreted more PGE 2 than mPGES1
Ϫ/Ϫ cells, reaching statistical significance at the higher dose (Fig. 2a) . Although treatment with LPS for 16 h did not lead to any significant increase in PGE 2 production above baseline in mPGES1 Ϫ/Ϫ cells, wild-type cells displayed a robust release of PGE 2 (Fig. 2b) . We did not detect any difference in the dosedependent release of IL-6 between ϩ͞ϩ and Ϫ͞Ϫ cells, consistent with the absence of generalized signal transduction defects or altered cellular viability in mPGES1 Ϫ/Ϫ macrophages (Fig. 2b) . Our data also suggest that mPGES1 contributes to the immediate release of PGE 2 in response to exogenous arachidonic acid. These findings are consistent with the hypothesis that mPGES1 is functionally coupled to COX-2-and to a lesser degree to COX-1-derived PGH 2 in murine peritoneal macrophages. PGE 2 plays an important role in acute inflammation, and its administration triggers an acute inflammatory response characterized by pain, edema, and leukocyte infiltration (23) . We first examined the role of mPGES1 in a model of inflammatory pain. Immediately after the i.p. injection of a noxious agent, a dilute solution of acetic acid, mPGES1 ϩ/ϩ mice responded by writhing Ϸ21 times in a 20-min period (Fig. 3a) . Pretreatment of mPGES1 ϩ/ϩ mice with the nonsteroidal antiinflammatory drug (NSAID) piroxicam caused a 40% reduction in the pain response. The response of NSAID-treated control animals was comparable to that of vehicle-treated mPGES1-null mice. We next characterized the in vivo levels of the two major inflammatory prostaglandins in this system, 6-keto-PGF 1␣ (stable metabolite of PGI 2 ) and PGE 2 (24). Injection of the noxious agent caused a significant elevation above baseline levels of both 6-keto-PGF 1␣ and PGE 2 (Fig. 3b) . Interestingly, no detectable difference in 6-keto-PGF 1␣ levels was recorded between the two genotypes regardless of treatment. In contrast, PGE 2 levels were reduced by 52% in the Ϫ͞Ϫ group compared with ϩ͞ϩ animals, consistent with the mitigated writhing response observed in mPGES1-null animals. PGI and PGE synthases share PGH 2 as a common substrate. One intriguing hypothesis is that in the absence of mPGES1 Ϫ/Ϫ , more PGH 2 would then become available for PGI synthase. However, we didn't detect any divergence of metabolic flow onto the prostacyclin pathway in the mPGES1 Ϫ/Ϫ mice in this model of inflammatory hyperalgesia. Additional studies in isolated cell culture and additional in vivo systems are needed to evaluate the potential divergence of PGH2 onto other prostanoids.
To further characterize the ability of mPGES1 to modulate pain responses such as those at the spinal and supraspinal levels, we measured withdrawal latencies of mPGES1 Ϫ/Ϫ and mPGES1 ϩ/ϩ animals in the hot plate assay. Animals from either genotype did not display any difference in their responses to 52, 55, or 58°C (data not shown). The results in these two distinct pain models are consistent with the proposed role of PGE 2 in inflammatory nociception (3, 25) and the distinct contribution of mPGES1 in inflammatory pain.
To examine the role of mPGES1 in edema formation and leukocyte infiltration, we studied the inflammatory responses associated with delayed-type hypersensitivity in mPGES1 ϩ/ϩ and mPGES1 Ϫ/Ϫ mice. After local injection of an antigen into one paw and saline into the contralateral paw of previously immunized mice, swelling was monitored 24 h later. mPGES1 ϩ/ϩ mice developed significantly more swelling in their antigen-injected paws as compared with their contralateral saline-injected paws (Fig. 4a) . The edema was associated with infiltration of white blood cells as determined by histopathological analysis (Fig. 4b) . Edema formation in antigen-or saline-injected mPGES1 Ϫ/Ϫ mice was similar to that of saline-injected mPGES1 ϩ/ϩ mice. This deficit in edema was accompanied by a marked reduction in the number of white blood cells infiltrating the injection site, consistent with the role of mPGES1 in inflammation.
The role of mPGES1 was next examined in an experimental model of human rheumatoid arthritis (RA), a chronic inflammatory disease. Recent studies demonstrate that mPGES1 is expressed in joint tissues isolated from arthritic animals and human RA patients (13, 15) . Mice of the DBA͞1 genetic background, the genetic background into which the mPGES1 mutation was introduced, are sensitive to the induction of CIA. CIA is an experimental animal model of inflammatory arthritis that in many ways resembles human RA (26) . Affected animals develop a polyarthritis characterized by clinical signs such as swollen, red, and ankylosed joints and histopathological features such as synovitis, pannus formation, and joint erosion. Because of these similarities, we used CIA as a model system to examine the potential role of mPGES1 in human RA. mPGES1 ϩ/ϩ and mPGES1 Ϫ/Ϫ mice were immunized with native chicken type II collagen in complete Freund's adjuvant on day 0, boosted on day 20, and monitored for clinical signs over the next 5 weeks. mPGES1-deficient animals displayed significant reduction in severity and incidence of disease compared with wild-type controls (Fig. 5 a and b) . The differences in clinical signs were manifested throughout the course of the disease. Total clinical scores, as assessed by area under the curve from days 20 to 59 (terminal day), were reduced in the Ϫ͞Ϫ group by Ϸ89% (P Ͻ 0.001).
Because clinical scores and joint deteriorations are not necessarily correlated with one another, we investigated the possibility that mPGES1-null mice were also protected from the histopathological deterioration associated with arthritis. mPGES1 Ϫ/Ϫ mice demonstrated a significant reduction in joint damages (Fig. 5c) . Specifically, we noted in mPGES1 Ϫ/Ϫ mice, the absence of proteoglycan loss at articular surfaces (Fig. 5d) . The number of 
mPGES1
Ϫ/Ϫ animals with severe synovitis, cartilage destruction, and bone erosion [total score Ͼ10 and an average score of 2 (mild to moderate) required for all constituting parameters] was considerably less than the wild-type group (mPGES1 ϩ/ϩ : 36% vs. mPGES1 Ϫ/Ϫ : 0.04%). High levels of IgG2a anti-type II collagen (CII) antibodies are essential for disease onset (27) . Both ϩ͞ϩ and Ϫ͞Ϫ mice were capable of mounting a robust humoral response against CII as assessed by measuring serum IgG2a anti-CII antibody levels. We could not measure a significant difference in circulating serum levels of anti-CII IgG2a; however, lower antibody titers were detected in mPGES1 Ϫ/Ϫ compared with control mice (ϩ͞ϩ, 2.6 Ϯ 0.4ϫ 10 5 units͞ml; Ϫ͞Ϫ, 1.5 Ϯ 0.4 ϫ 10 5 units͞ml; P ϭ 0.06). Antibody levels do not necessarily correlate with onset and severity of arthritis in diseased animals (data not shown and ref. 28 ). These findings suggest that the absence of mPGES1 expression in mice does not cause any gross immunological abnormalities in vivo. PGE 2 has been implicated in dendritic cell maturation, macrophage activation, B cell function and T cell polarization (29, 30) . Therefore, with the potential impact of PGE 2 on these diverse immunological functions, one cannot exclude, on the basis of the present data, participation of the immune response to our arthritis phenotype. Future studies designed to dissect the relative contributions of the local inflammatory and immunological responses (such as Th1͞Th2 polarization) could provide insights into the underlying mechanisms of our phenotype.
Diverse experimental approaches have been used to demonstrate the involvement of COX metabolites in CIA. Pharmacological inhibition of COX1͞2 results in a phenotype similar to that observed with mPGES1-deficient mice ( Table 1) . Administration of SC-046 (COX-2 inhibitor) (31) or piroxicam (NSAID) reduces the severity of disease by Ͼ90% throughout the duration of the experiment. COX-2 Ϫ/Ϫ , but not COX-1 Ϫ/Ϫ , mice display a signif- Area under the curve (AUC) and terminal scores were obtained from the published literature [COX-1 Ϫ/Ϫ and COX-2 Ϫ/Ϫ (32); COX-2 inhibitor (SC-046) (31)] and from experiments with the NSAID piroxicam as described above.
icant reduction in both clinical and histological signs of CIA (32) . Pharmacological and genetic evidence suggests a link in vivo between COX-2 (and its metabolite PGH 2 ) and mPGES1 (and its substrate PGH 2 ) in this disease model.
A review of the literature describing the kinetics of mPGES1 and COX-2 expression revealed intriguing differences between these two proteins in terms of the up-regulation and maintenance of steady-state expression levels (13, 14, 33, 34) . Differences in regulatory sequences contained in the mPGES1 gene are associated in IL-1␤-treated human orbital fibroblasts with an increase in the mRNA stability over time of mPGES1 compared with COX-2 expression (33) . The cell may be presented under different circumstances with an imbalanced ratio of COX-2 to mPGES1. It is difficult to reconcile the idea of an exclusive interaction between COX-2 and mPGES1 considering these observations and the relative solution instability of PGH 2 (35) . In cultured peritoneal macrophages, COX-2 Ϫ/Ϫ cells lose their ability to generate PGE 2 in response to a 6-h incubation with LPS (36), whereas COX-1 Ϫ/Ϫ cells and to a lesser degree COX-1 ϩ/Ϫ cells lose their ability to generate PGE 2 in response to a 30-min incubation with arachidonic acid (37) . Our results demonstrate that mPGES1 can be involved in both the immediate and delayed formation of PGE 2 and suggest that mPGES1 Ϫ/Ϫ macrophages display PGE 2 biosynthetic attributes of both COX-2 Ϫ/Ϫ and COX-1 ϩ/Ϫ macrophages. In the acetic acid writhing model of inflammatory hyperalgesia, using COX-1-and COX-2-deficient mice, COX-1 appears to be a major contributor of the response, with COX-2 contributing a relatively minor component (38) . In this present study, PGE 2 levels were significantly reduced in the acetic acid-treated mPGES1 Ϫ/Ϫ animals compared with controls. Our results are consistent with a previous report demonstrating the importance of PGE 2 and the PGE 2 receptor (EP)1 in mediating this type of visceral pain response (3). One possible interpretation of these findings is that PGE 2 generated by mPGES1 binds to EP1, in turn mediating the nociceptive response. PGE 2 is well recognized as an important contributor of the febrile response. The up-regulation and localization of mPGES1 in the brain after LPS or IL-1␤ exposure provides circumstantial evidence of its involvement in pyresis (12, 34, 39) . Interestingly, in these experiments, mPGES1 and COX-2 colocalized to the same brain vascular cells. With pharmacological and genetic evidence pointing to the primordial participation of COX-2 in fever (40, 41) , the concurrent expression of mPGES1 and COX-2 suggests that mPGES1 may also have an important role in fever. The third step in the pathway involves binding of PGE 2 to individual EP receptors. Ushikubi et al. showed that EP3 receptor-deficient mice are resistant to IL-1␤ or PGE 2 -induced pyresis (42) . These observations raise the intriguing hypothesis that an additional signaling pathway has been identified in vivo between COX-2, mPGES1 and EP3 in the context of fever.
In conclusion, we are proposing that mPGES1 is involved in both acute and chronic PGE 2 -dependent experimental models of inflammation: acetic acid-induced writhing (mPGES1 3 PGE 2 3 EP1) and CIA (COX-2 3 mPGES1 3 PGE 2 ). We show here that inactivation of mPGES1 in mice results in a decrease in writhing, an indicator of inflammatory pain, that is indistinguishable in magnitude from that observed in mice treated with an NSAID. In addition, we show that loss of mPGES1 reduces the inflammation associated with antigen-induced inflammation, both in a model of delayed type hypersensitivity and in a model of arthritis. To our knowledge this is the first published report to demonstrate the importance of mPGES1 in inflammatory pain and in a model of chronic inflammation. The complexity of the enzymatic and nonenzymatic pathways that are responsible for the conversion of the metabolite of cyclooxygenases into specific PGs has until now made it difficult to identify other possible targets for intervention in prostaglandin-mediated inflammation (43, 44) . Taking these findings together, we suggest that mPGES1 represents a target for the treatment of inflammatory disease such as arthritis that will spare important physiological systems in which other PGs participate.
